A 62-year-old Japanese woman developed numbness of the extremities and megaloblastic anemia. She had undergone total abdominal hysterectomy, whole-pelvis radiation therapy and chemotherapy for gynecological cancer 10 years before. Chronic abdominal pain, diarrhea and intermittent small-bowel obstruction had afflicted her for a long time. We diagnosed her with vitamin B12 deficiency anemia and polyneuropathy due to chronic radiation enteritis causing malabsorption. Vitamin B12 injections improved her numbness and anemia. The early diagnosis and treatment of deficiency of vitamin B12 are important. Physicians should regularly measure vitamin B12 levels and supplement vitamin B12 as needed in patients with chronic radiation enteritis.
Introduction
Radiation enteritis is an injury of the small intestine and colon secondary to radiotherapy and divided into acute and chronic forms. The acute type has been recognized to cause diarrhea, and the chronic type has been reported to cause perforation, ileus, chronic diarrhea and nutritional deficiency (1) . Malfunction of the terminal ileum due to the chronic form can cause vitamin B12 deficiency, as vitamin B12 is absorbed in the form of a conjugate with the intrinsic factor in the terminal ileum.
We herein report a case of vitamin B12 deficiency anemia and polyneuropathy due to chronic radiation enteritis.
Case Report
A 62-year-old Japanese woman who had a history of tuberculosis was admitted because of numbness of the extremities and anemia. She had undergone total abdominal hysterectomy, whole-pelvis radiation therapy (50.4 Gy, 1.80 Gy ×25 fractions of extended field and anterior/posterior opposed fields with low dose in multiple fractions) and chemo-therapy (5-fluorouracil and cisplatin) for cervical cancer (stage IIb, pT2N1M0) 10 years before. Her body mass index (BMI) was 17.0. Chronic abdominal pain and diarrhea had afflicted her for a long time after chemoradiotherapy. She also had often developed intermittent small-bowel obstruction ( Fig. 1 ) despite medical treatments and been clinically diagnosed with chronic radiation enteritis. She had noticed numbness in both hands and legs six months before the admission but did not report any difficulty in using her hands or walking. She also had developed anemia, but her general condition had been good.
A physical examination on admission revealed a normal mental function and normal cranial nerves. The motor and sensory functions, including superficial and deep sensations, were normal. There was no ataxia or gait disturbance. The tendon reflexes except for the Achilles tendons were depressed. Laboratory data revealed pancytopenia (megaloblastic anemia), hypoproteinemia and hypocalcemia: WBC 3,700 μL, RBC 157×10 4 μL, Hb 6.8 g/dL, Ht 19.8%, mean corpuscular volume (MCV) 126.1 fL, mean corpuscular hemoglobin (MCH) 43.3 pg, mean corpuscular hemoglobin concentration (MCHC) 34.3%, platelet 9.2×10 4 μL, total protein 5.5 g/dL, albumin 3. Fig. 2 ). These results indicated that she had vitamin B12 deficiency anemia and polyneuropathy. The neurological findings of the normal motor and sensory functions appeared to indicate that there was no subacute combined degeneration of the spinal cord. She was given multiple vitamin B12 injections (hydroxocobalamin 1,000 μg three times a week), and her numbness and anemia had improved (Hb 12.7 g/dL) by 2 months later. A nerve conduction study 16 months after the initiation of vitamin B12 treatment showed a marked improvement (Table, Fig. 2 ).
Discussion
We encountered a patient with megaloblastic anemia and polyneuropathy due to vitamin B12 deficiency during the course of chronic enteritis.
Chronic radiation enteritis develops months to years after exposure to radiotherapy and usually presents with diarrhea and malabsorption (1) . Factors on the patient side that increase the risk of developing radiation enteritis have been reported to be a history of intestinal surgery, low BMI, hypertension, diabetes mellitus, inflammatory bowel disease and smoking. The volume of the small bowel in the radiotherapy field, radiotherapy dose and fractionation, radiotherapy technique and concomitant chemotherapy use have been presented as factors related to treatment (2) . The present patient had no history of hypertension, diabetes mellitus, inflammatory bowel disease or a smoking habit. However, she had undergone surgery and chemotherapy associated with radiation, and her BMI had been low at that time. The total radiation therapy dose received was 50.40 Gy, and the incidence of serious injury is reported to increase when the dose exceeds 50 Gy (3). The amount of radiation received and the fields of her radiation therapy were suggested to be strong factors that increased her risk of radiation enteritis. We suspected that the radiation therapy had been the main factor causing her chronic enteritis, with her history of chemotherapy and low BMI also influencing the occurrence to some extent.
Causes of malabsorption of vitamin B12 can be divided into gastric and ileal disorders, as the key components of the normal pathway for vitamin B12 absorption require a functioning stomach for the production of the protein intrinsic factor and an intact cubilin receptor in the terminal ileum. We considered that the main cause of vitamin B12 deficiency in our case was malabsorption in the terminal ileum, which had been damaged by radiation therapy, as the find- ings on gastroscopy were normal and she was negative for anti-gastric parietal cell antibody. Her development of vitamin B12 deficiency may also have been influenced by the fact that she had reduced her daily food intake in order to avoid constipation and diarrhea.
Previous studies have reported cases of vitamin B12 deficiency due to malabsorption after radiotherapy in gynecologic cancer patients (4-10). A significant vitamin B12 deficiency was reported in 20% of 55 patients at 6-12 years after pelvic radiation (11) . Various causes of vitamin B12 deficiency have been recognized, but disease or resection of the ileum as the cause of absorption disturbance has been described in recent reviews (12) (13) (14) . To our knowledge, no other reports have described a case of vitamin B12 deficiency associated with chronic radiation enteritis in Japan, and chronic radiation enteritis does not seem to be well recognized as a potential cause of vitamin B12 deficiency. Keeping in mind that vitamin B12 deficiency is likely to occur in patients with chronic radiation enteritis, physicians should regularly measure the vitamin B12 levels and supplement vitamin B12 as needed in such patients.
Peripheral nerves affected by vitamin B12 deficiency are reported to show myelin sheath fragmentation and axon degeneration (15) . The relatively early and good recovery of the neuropathy in our case suggest that myelin sheath fragmentation was the main factor in her neuropathy.
In conclusion, we encountered the first case of vitamin B12 deficiency anemia and polyneuropathy due to chronic radiation enteritis in Japan. The serum levels of vitamin B12 should be regularly measured in patients with chronic radiation enteritis.
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